We present a study on the structure and dynamics of quiescent filament channels observed by Hinode/XRT and STEREO/EUVI at the solar minimum 23/24 from December 2006 to December 2008. For 12 channels identified on the solar disk (Group I channels), we find that the morphology of the structure on the two sides of the channel is asymmetric in both X-rays and EUV: eastern side has curved features while the western side has straight features. We interpret the results in terms of a magnetic flux rope model. The asymmetry in the morphology is due to the variation in axial flux of the flux rope along the channel, which causes the field lines from one polarity to turn into the flux rope (curved feature), while the field lines from the other polarity are connected to very distant sources (straight). For most of the 68 channels identified by cavities at the east and west limbs (Group II channels), the asymmetry cannot be clearly identified, which is likely due to the fact that the axial flux may be relatively constant along such channels. Corresponding cavities are identified only for 5 of the 12 Group I channels, while Group II channels are identified for all of the 68 cavity pairs. The studied filament channels are often observed as dark channels in X-rays and EUV. Sheared loops within Group I channels are often seen in X-rays, but are rarely seen in Group II channels as shown in the XRT daily synoptic observations. A survey on the dynamics of studied filament channels shows that filament eruptions occur at an average rate of 1.4 filament eruptions per channel per solar rotation.
INTRODUCTION
A filament channel is defined as a region in the chromosphere surrounding a polarity inversion line (PIL) where the chromospheric Hα fibrils are aligned with the PIL (Gaizauskas 1998) . Not every filament channel contains a filament, nor does every PIL develop an associated channel (Gaizauskas & Murdin 2000) . As first observed systematically by Skylab, the filament channel appears as a void in coronal soft X-ray emission (see Engvold 1989 , for a review). On the disk, a filament channel appears as an elongated low density area with bright edges corresponding to chromospheric "ribbons". The brightness of the edges results from the line-of-sight integration of X-ray emission along the roughly vertical (i.e., nearly parallel to the line of sight) legs of overarching coronal loops (Hudson et al. 1999 ). An example of a polar crown filament channel observed by Yohkoh/SXT is shown in Figure  1 . The structures on the two sides of the channel show a "herringbone" pattern, which is also seen earlier in Skylab observations (e.g., Figure 6 in Timothy et al. 1974 and Figure 2 in McIntosh et al. 1976 ). In the EUV, filament channels are darker than their surroundings, which is likely due to a combination of lower emission in the channel ("emissivity blocking") and absorption of EUV line radiation by the H I Lyman continuum (Heinzel et al. 2001; Schmieder et al. 2003) . At radio wavelengths, filament channels can be observed on the disk as brightness depressions (Kundu & McCullough 1972; Gopalswamy et al. 1991; Marqué 2004) .
Cavities appear in off-limb observations as regions of low emission above PILs. Sometimes, a prominence is located within the coronal cavity. The cavity separates the prominence from an overlying arcade of coronal loops located in the lower portion of a helmet streamer. Cavities can be seen in white light coronagraph observations when they extend high enough and are favorably oriented to and reasonably unobstructed along the line of sight (Gibson et al. 2006) . Cavities are also seen in EUV and soft X-ray images (Vaiana et al. 1973; Hudson et al. 1999) , and a soft X-ray cavity can be seen in Figure 1a . Coronal cavities have been studied for decades (see Tandberg-Hanssen 1974 Engvold 1989; Gibson et al. 2006 , for reviews). They come in all sizes, from cavities associated with large-scale, longitudinally extended polar crown filaments to smaller ones associated with active regions. Cavities are the limb counterpart to the filament channels on the disk. The association between the cavity base and the filament channel provides an observational link between the limb observations of cavities and their disk counterparts, permitting a better determination of many properties of coronal cavities. As observed at the limb, the width of an X-ray cavity is much larger than the associated filament channel (Harvey & Murdin 2000) .
Coronal mass ejections (CMEs), especially those originating near the solar limb, often exhibit a classic, "three-part" morphology of a bright expanding loop, followed by a dark cavity with a bright core embedded in it that can be identified as an erupting prominence (Illing & Hundhausen 1986 ). An equivalent three-part structure of bright loop (or helmet streamer), cavity, and prominence core also often exists quiescently in the corona (TandbergHanssen 1974) . Taken together, these quiescent and eruptive observations offer important clues to the nature of magnetic fields in the corona prior to and during CME eruptions (Gibson et al. 2006 ).
Despite centuries of prominence observations, the detailed magnetic structure of filament channels remains unclear, primarily because the coronal magnetic field has not been directly observable. Observations show that filaments are embedded in magnetic fields that are highly non-potential. As the dominant component of the magnetic field is along the filament's long axis, such non-potential fields exhibit strong magnetic shear (Foukal 1971; Schmieder et al. 1996; Gaizauskas et al. 1997; Martin 1998; Lin et al. 2008 ). This localized shear may be due to flux transport processes on the quiet Sun that cause the axial component of magnetic field to be concentrated at the PIL (van Ballegooijen & Martens 1989; Mackay & van Ballegooijen 2001 Yeates et al. 2007 Yeates et al. , 2008 . Alternatively, a sheared arcade may be formed by shearing motions of the photospheric footpoints localized near the PIL (Antiochos et al. 1994; DeVore & Antiochos 2000; Karpen 2007) . In either case the magnetic field develops a weakly twisted flux rope or sheared arcade lying horizontally above the PIL. Prominence plasma can collect on these nearly horizontal or weakly dipped field lines (e.g., Aulanier & Démoulin 1998; Aulanier & Schmieder 2002) . For a detailed review on various models for the magnetic structure of prominences/filaments, see Mackay et al. (2010) .
The purpose of this paper is to study the structure and dynamics of filament channels on the quiet Sun using a large data sample. The goal is to extract from these observations more detailed information regarding the 3-dimensional structure of coronal magnetic flux ropes on the quiet Sun. How are these flux ropes connected to their local surroundings? What is the structure of the overlying coronal arcades? Answering such questions is important for understanding the formation of filament channels and the processes involved in filament eruptions and CMEs. frictional relaxation. This method has been used by Bobra et al. (2008) and Su et al. (2009a,b) to study active regions with filaments, and by Savcheva & van Ballegooijen (2009) to study the evolution of soft X-ray sigmoid. One motivation for the present work is to provide more detailed observations of filament channels on the quiet Sun in preparation for modeling such channels using the "flux rope insertion" method.
OBSERVATIONS

Instruments
Filament channels and cavities are selected from the synoptic observations taken by XRT (Golub et al. 2007; Kano et al. 2008) onboard Hinode (Kosugi et al. 2007 ). Hinode/XRT, STEREO/SECCHI/EUVI (Wuelser et al. 2004) , and TRACE (Handy et al. 1999) provide us information on the coronal magnetic structure around filament channels and cavities. The underlying photospheric magnetic field information is provided by SOLIS. Hα filament information is obtained from observations at MLSO (Mauna Loa Solar Observatory), KSO (Kanzelhöhe Solar Observatory), and BBSO (Big Bear Solar Observatory). Filament eruptions are identified based on observations at He II 304Å by STEREO/EUVI (primarily) and XRT synoptic observations (occasionally). SOHO/LASCO (Brueckner et al. 1995) and STEREO/SECCHI (Howard et al. 2008) provide us with CME information.
General Characteristics of Quiescent Filament Channels
The channels are divided into two groups based on the selection method: Group I channels are identified based on observed long and continuous Hα filaments, while Group II channels are identified according to the cavities at the limb observed by XRT.
Group I Filament Channels
To select Group I channels, we first look for quiescent filaments from the daily full-disk Hα observations (by KSO, MLSO or BBSO). Once we find a long and continuous quiescent filament, the corresponding filament channel observed by Hinode/XRT and STEREO/EUVI is identified. Then the channel at different solar rotations from its formation to decay is identified easily.
We select 12 Group I filament channels during November 2006 and December 2008. A list of Group I channels is shown in Table 1 . This table shows that the Group I channels can be divided into 6 subgroups, and the same channel at different solar rotations is classified into one subgroup. The channel date listed in the second column of Table 1 refers to the date when the channel structure is best observed. The date when the identified corresponding cavity is observed is listed in the third column. Only five possible corresponding cavities observed by XRT or TRACE are identified, while the filament channels are at the limb. The visibility of the cavity may be affected by the direction of the filament channels, because these channels are normally inclined to the equator. Most of these channels are located in low latitudes, where most active regions are located at. Therefore, bright active regions close by can also hide the cavity. Table 1 shows that 7 Group I channels are located at the southern hemisphere, and 5 channels are in the northern hemisphere. Most of these channels are located in low-latitude (Latitude < 30
• ) active region remnants, while the last two channels listed in Table 1 are high-latitude (30
• ≤ Latitude ≤ 60 • ) channels. For each channel, the corresponding photospheric field strength measured using line of sight (LOS) magnetograms by SOLIS are shown in the 6th columns of Table 1 . We define two boxes with the same size located on either side of the PIL for each channel, and measure the field strength in each box by averaging over the relevant pixels in the magnetogram. This table shows that the average photospheric field strength for Group I channels is normally smaller than 10 G.
Group I filament channels are often observed as dark channels in X-rays and EUV, and examples are shown in Figures 2-3. The brightness on the two sides of the channel are similar for most Group I channels, except for 3 channels in which the eastern side of the channel tends to be brighter than the western side of the channel in both X-rays and EUV (the southern channels shown in Figure 3 are two of the exceptions). Figures 2a and 2b show X-ray and EUV images of one Group I channel observed on 2006 December 26 by Hinode/XRT and STEREO/EUVI, respectively. The white arrows in these two images point at the filament channel. Figure 2c shows XRT image of the same channel on December 25. The underlying LOS photospheric magnetogram observed by SOLIS on December 26 is shown in Figure 2d . Figure 2d shows that the magnetic field near on the west end of the Ushaped channel is stronger than that near the east end. Note that the strong concentrations of the negative flux at the left side of the magnetogram is not associated with the channel. The examples shown in Figure 3 will be discussed in Section 2.3.1. The white contours in Figures 2c-2d refer to the Hα filament observed by MLSO at 22:00 UT on December 26.
Sometimes, sheared loops (indicated by black arrows in Figure 2 ) within the filament channel are observed in X-rays, but not in EUV for the studied channels. Some sheared loops are stable (e.g. Figure 2a ), while others are transient structures (e.g. Figure 2c and Table 1 ). This result is consistent with the findings by Solberg & McAllister (1998) using Yohkoh/SXT observations. Sheared filament threads in emission have been observed in Lyα (VAULT, Vourlidas et al. 2010) , and EUV (e.g., TRACE and STEREO/EUVI, Su et al. 2009b) , and these threads likely represent long field lines of the flux rope (e.g., Aulanier & Démoulin 1998; Aulanier & Schmieder 2002) .
Group II Filament Channels
Group II channels are selected based on XRT synoptic observations, which are normally taken twice a day. At first, we look for cavities at the limb from the daily synoptic images. For the cavities identified on the west and east limbs, we then identify the corresponding filament channels as the disk counterpart from the images taken about 7 days earlier and later, respectively. The cavities identified for the Group I channels are normally transient and difficult to identify, while the cavities selected for the Group II channels are long-lasting and easy to identify. Therefore, there is no overlap between Group I and Group II channels. Examples of cavities observed by XRT at east and west limbs are shown in Figures 4a-4b . The identified filament channel corresponding to these cavities is shown in Figure 4c . A rough measurement shows that the width of this channel is about half of the maximum width of the corresponding cavity, which is consistent with the result found by Harvey & Murdin (2000) .
In total, 68 Group II filament channels are identified for all of the selected cavity pairs. A sample of Group II channels and cavity pairs are shown in Table 2 . A complete version of this table can be found in the electronic edition of the Astrophysical Journal. The dates in the second and third columns of Table 2 are the dates when XRT first observes the cavity at the east and west limbs, respectively. The numbers in the brackets refer to the days when the cavity is visible in XRT. As shown in Table 2 , the cavity at one limb cannot be identified for 3 of the 68 cavity pairs, which may be due to data gap or evolution of the channel. The length of the channels can be roughly represented by the time period when the cavity is visible at the limb. Table 2 shows that the channel length varies: some channels are very short, i.e., the corresponding cavity is only visible for about 2-3 days at the limb; for the longest channel, the corresponding cavity lasts for 18 days at the limb. The on-disk EUV and X-ray observations appear to show two ends of the channel. This observation may be inconsistent with the picture that the polar-crown magnetic field is a ring-like structure, which suggests a flux rope without end. The fourth column refers to the date when the filament channel is best observed by XRT. There are 37 filament channels in the northern hemisphere, and 31 channels are in the southern hemisphere. Most (63 of the 68) of the Group II channels and corresponding Hα filaments are high-latitude (30
• ≤ Latitude ≤ 60 • ) channels, which are parts of the polar crown or sub polar crown. Only 5 Group II channels are partly located in the low-latitude regions. Most of the Group II channels are nearly parallel to the equator.
Most of the Group II channels show clear dark channels in either XRT images and/or EUVI 171Å images (e.g. Figure 4 ). The brightness on the two sides of the channel are similar for most Group II channels, except for 3 channels in which the polar side of the channel appears to be slightly brighter than the equatorial side in both X-rays and EUV. Hα filaments are identified for all of the Group II channels. The filaments in these channels are often shown as dotted or short segments, which are not as continuous as those in the Group I channels. The XRT synoptic images show that transient or stable sheared loops are rarely visible in the Group II channels.
Fine Structure Surrounding Quiescent Filament Channels
Group I Filament Channels
We find that Group I filament channels exhibit an asymmetry in the morphology of the structures on the two sides of the channel. This asymmetry is visible both in the X-rays and in the EUV. The left and middle panels of Figure 3 show the EUVI and XRT images of the channels. The underlying photospheric magnetograms provided by SOLIS are shown on the right panel of Figure 3 . The black contours in the top and bottom panels refer to the Hα filaments observed by KSO at 11:07 UT on February 1 and at 10:13 UT on March 2, respectively. The channels in the northern and southern hemispheres are identified as two separate channels because one is dextral, and the other is sinistral. Figures 3c and 3f show that the magnetic fields at the equatorial end of the channel is much stronger than the other end for all of the four channels. Figure 3 shows that the eastern side (black lines in Figure 3d ) of the channel has curved features that are curved towards the equator, while the western side (white lines in Figure  3d ) of the channel has straight features that point away from the PIL. This asymmetric structure is found for all of the Group I filament channels. In the cases where the PIL is straight and inclined relative to the equator, the curved features always occur on the eastern side of the channel, and the straight features occur on the western side. This preferential orientation of the curved/straight features suggests that this phenomenon is an aspect of the global pattern of magnetic fields on the Sun, and is not due to the random distribution of magnetic elements on either side of the channel. The only special case is the U-shaped filament channel on 2006 Dec 26 as shown in Figure 2 ; in this case only the western part of the channel follows the rule of curved on the eastern side and straight on the western side.
The X-ray and EUV emissivity in the corona is proportional to the square of the electron density, which decreases with height in the corona due to gravitational effects. For a plasma with temperature of about 1.5 MK, the density scale height H d ≈ 74 Mm, so the emission scale height H ε ≈ 37 Mm. Therefore, the bulk of the emission comes from the lower layers of the corona, which is consistent with the relatively small scale height of the emission seen above the solar limb. For long coronal loops that extend to heights h > 50 Mm, only the legs of the loop are clearly seen when observed against the solar disk (because the emission from lower heights dominates that from the loop top). The straight features seen on the western side of Group I filament channels are likely to be the legs of coronal loops that are much longer than the observed structures. The same may be true for the curved features seen on the eastern side of the channel. In Section 3 we present a more detailed description of the magnetic fields responsible for the observed structures. Gibson et al. (2006) observed coronal cavities in white light above the limb and found an asymmetry in brightness and sharpness of the rim on the two sides of the cavity. The equatorward rim tends to be brighter and sharper than the poleward rim. Gibson et al. (2006) suggest that this effect may be due to unrelated bright structures superposed along the line of sight. The asymmetry found here appears to be unrelated to the one found by Gibson et al. (2006) . First, we find an asymmetry in the morphology of the structures on the two sides of the channel when viewed on the solar disk, not their brightness (or sharpness) when viewed above the limb. Second, the asymmetry found here is most pronounced for Group I channels, which are inclined with respect to lines of constant latitude and are generally not visible as coronal cavities.
Group II Filament Channels
The emission on the two sides of the Group II channels is weaker than that in the Group I channels. Only 23 out of the 68 Group II channels are relatively well observed, so we can identify the structure at least on one side of the channel. Examples of four Group II channels are shown on the middle and bottom panels of Figure 4 . The dark channels are marked as white arrows. The white contours refer to the Hα filament observed by MLSO.
Based on the structure on the two sides of the channels, the 23 well-observed channels can be divided into four categories: (1) curved (black line) on the equatorial side and straight (white lines) on the polar side ( Figure 4c) ; (2) curved (black line) on the equatorial side and unclear on the polar side ( Figure 4d) ; (3) straight (white lines) on the equatorial side and straight on the polar side ( Figure 4e) ; (4) unclear on the equatorial side and straight (white lines) on the polar side (Figure 4f) . The category number of the channel is shown in the sixth column of Table 2 . This table shows that most (18 of 23) of the well-observed channels belong to category 4. One channel belongs to category 2 and three channels belong to category 3. Only one out of the 23 well-observed channels appears to show asymmetric structure on the two sides of the channel, which is category 1. The "herringbone" pattern shown in Figure 1 is not clearly seen in most of the Group II channels. This maybe due to a different wavelength response of XRT compared to previous X-ray telescopes (Skylab, Yohkoh/SXT).
Dynamics of Quiescent Filament Channels
Although the studied channels are named quiescent filament channels, they are not really quiet. In this section, we investigate the dynamics of the quiescent filament channels. The last three columns of Table 1 list the information on the filament eruptions that occurred in the Group I channels, the associated post-eruption arcades and CMEs. The filament eruptions are identified based on the daily EUVI 304Å quick look movies on the STEREO SCIENCE CENTER website 1 . We define a "filament eruption" as a solar activity with significant upward motion and with part of the material vanishing during the event. We identify the associated post-eruption arcades according to the daily EUVI 195Å quick look movies as well as XRT synoptic observations. We determine whether there is a CME associated with the filament eruption based on the SOHO/LASCO CME CATALOG 2 , the CACTus SECHHI CME list 3 , and STEREO quick look movies. The criteria that we used to identify corresponding CME is: the latitude of the CME is within ±30
• of the latitude of the eruptive filament and the CME onset time is within 4 hours after the eruption of the filament.
As shown in Table 1 , filament eruptions occurred in 6 out of the 12 (50%) Group I filament channels. For 3 out of the 6 filament eruptions, post-eruption arcades are seen in XRT and/or EUVI observations. Corresponding CMEs are also identified for 3 out of the 6 filament eruptions. Two filament eruptions are shown in Figure 5 . After the eruption on 2006 December 29, a series of bright arcades are observed by both XRT (Figure 5b ) and EUVI. Unlike this eruption, after the eruption on 2008 March 04 only a few brightened features overlying the channel are observed (Figure 5d ). These filament eruptions can be divided into two types. The eruptions with post-eruption arcades appear to completely open the magnetic field overlying the filament channel. For the other eruptions, the filament either erupts side-ways or the filament eruption fails, i.e., erupting materials falls back to the Sun. In any case, only few or none of the overlying magnetic fields are opened up.
For the Group II channels, we use the same method as in the Group I channels to identify filament eruptions and corresponding CMEs, which are listed in the last two columns of Table  2 . As shown in Table 2 , 62% (42 out of 68) of the Group II channels have filament eruptions. Sometimes, multiple eruptions occur in one channel. In total, 64 filament eruptions are identified for all of the Group II channels. Corresponding CMEs are identified for 53% (34 out of 64) of these filament eruptions, and these CMEs occurred in 24 Group II channels. Only small amounts of filament material is erupted for most filament eruptions without identified CMEs. Therefore, it is possible that CMEs do occur in these events, but the CMEs may be too faint to be observed.
In total, 71 filament eruptions are observed in 80 quiescent filament channels including both Group I and Group II channels. The separation angle between STEREO A and STEREO B is 0
• on 2007 January 1 and 88
• on 2008 December 31. On average, a rough estimate of the field of view of STEREO during our data selection period is 224
• (i.e., 180+88/2 degree). Therefore, correcting for farside events, the occurrence rate of filament eruptions is about 1.4 event per solar rotation per channel (i.e., 0.89×360/224 %).
Discussions
The most significant result we find through this study is that the structure on the two sides of the channel is asymmetric in both X-rays and EUV for Group I channels, i.e., the eastern side has curved features while the western side has straight features. However, this asymmetry is rarely observed in Group II channels.
The asymmetric structure of the Group I channels is likely due to the fact that the axial flux of the flux rope varies along the channel. We suggest that the filament channel contains a weakly twisted flux rope, and that the axial flux of the flux rope increases towards the equator, so that new flux is drawn into the flux rope from one side of the PIL. This makes sense because all of the Group I channels are inclined with respect to the equator, and the surrounding magnetic fields are stronger at the equatorial end of the channel (e.g., Figures  2-3) . A sketch of the magnetic field configuration around a Group I filament channel in the southern hemisphere is shown in Figure 6 . Figure 6a shows the bottom parts of selected field lines that can be observed in X-rays and EUV. Figure 6b gives a complete view of the selected field lines of the filament channel. Note that field lines are drawn into the flux rope from the north-eastern side of the channel where the curved X-ray/EUV features are located. Corresponding to the observed straight features are the straight field lines on the south-western side of Figure 6 . These field lines are likely to be the bottom parts of an overlying arcade that constrains the flux rope. The counterparts of these field lines on the other side of the PIL are not shown in the cartoon.
The Group II channels are usually east-west oriented and nearly parallel to the equator, and the axial flux may be relatively constant along such channels, so asymmetry is rarely observed. Only one Group II channel observed by XRT on 2007 January 4 (Figure 4c ) appears to show the asymmetric structure, i.e., curved on the equatorial side and straight on the polar side. Similar to the other Group II channels, this channel is nearly parallel to the equator.
The above ideas can be further quantified by constructing a model for the magnetic field in and around a typical Group I channel. As an example we consider the channel observed on 2008 March 2 in the southern hemisphere (see bottom row in Figure 3 ). Figure 7a shows again the LOS magnetogram of this region; the channel is located above the polarity inversion line (PIL) that extends from position (−340 ′′ ,−400 ′′ ) to position (+100 ′′ ,−50 ′′ ) in solar (X,Y) coordinates. We define two rows of boxes (white lines in Figure 7a ) located on either side of the PIL, and measure the magnetic flux densities in these boxes by averaging over the relevant pixels in the magnetogram. Each box has a size of 50 ′′ × 125 ′′ , so these averages involve large areas on the Sun. The results are plotted in Figure 7b , which shows the measured flux densities as function of position along the channel (squares for positive polarity, diamonds for negative polarity). The two curves in Figure 7b show cubic fits to these data.
The EUV and X-ray observations (Figure 3) show curved features that turn to the left when viewed from the positive polarity side of the channel, indicating that this is a sinistral channel (Martin 1998 ) with axial field pointing towards the equator. As we approach the equator, more and more flux is drawn into the flux rope from the positive polarity side of the channel, so the axial flux Φ increases towards the equator. Let Φ n be the axial flux at the position of box n (n = 1, ..., 11), then Φ n = Φ n−1 + Af n B n , where B n is the average flux density on the positive polarity side of the channel (upper curve in Figure 7b ), f n is the fraction of positive flux that is added to the flux rope in each box, and A (= 3.29 × 10 19 cm 2 ) is the box area . We integrate the above equation as function of position n along the channel, assuming f n = 0.1 (the same for all boxes). The result is shown in Figure 7c . Note that the predicted axial flux at the equatorial end of the channel is about 2 × 10 20 Mx, somewhat less than the values typically found in active regions (e.g., Bobra et al. 2008; Su et al. 2009a ).
The flux rope is assumed to be held down by an overlying coronal arcade that is rooted in the photosphere on the two sides of the channel. Magnetostatic equilibrium of the flux rope and arcade requires that the strength of the magnetic field in the flux rope is similar to that in the surrounding arcade. The latter can in turn be approximated by the photospheric flux density B n shown in Figure 7b (upper curve). Assuming the flux rope has a circular cross section with radius R n , the axial flux Φ n = πR 2 n B n , which allows us to determine the radius. Figure 7d shows R n plotted as function of position along the flux rope. The width of the filament channel is assumed to be twice the radius, and is shown by the black curves in Figure 7a . The parameter f n (=0.1) was chosen such that the channel width predicted by the model is similar to that of the observed channel (see Figure 3 , bottom row). We conclude that the EUV and X-ray observations of this filament channel can be explained in terms of a model in which about 10% of the positive polarity flux enters the flux rope at various points along the channel. However, the above model is very simplified and likely does not treat the ends of the flux rope accurately.
Conclusions
In this work, we study the structure and dynamics of quiescent filament channels using a large data sample. The studied channels are divided into two groups: Group I channels are identified based on observed long and continuous Hα filaments, while Group II channels are identified according to the cavities at the limb observed by XRT. In total, 12 Group I channels are selected, and corresponding cavities are identified for 5 channels. The visibility of cavities may be affected by the direction of the channel as well as bright active regions close by (Waldmeier 1970) . Group II channels are identified for all of the 68 selected cavity (pairs).
We find that the studied filament channels are often observed as dark channels in X-rays and EUV. The brightness of the structure on the two sides of the channel are roughly equal for most of the studied quiescent filament channels with 6 exceptions. Sheared loops within Group I channels are seen in X-rays (Hinode/XRT), but not in EUV (STEREO/SECCHI/EUVI). For the Group II channels, sheared loops are rarely seen in the XRT daily synoptic observations. The underlying average photospheric field strength on each side of the Group I channels is normally smaller than 10 G.
Regarding the fine structure of the filament channel, we find that the EUV and X-ray structure is asymmetric on the two sides of the channel for all of the Group I channels, i.e., the eastern side has curved features that curved towards the equator while the western side has straight features that point away from the PIL. The results can be interpreted in terms of a magnetic flux rope model with the magnitude of the axial flux increasing along the channel towards the equator. The same effect is rarely identified for the Group II channels, which is likely due to the fact the axial flux may be relatively constant along such channels.
Hα filaments are observed for all of the studied filament channels. The filaments in the Group I channels are long and continuous, but are shown as several dotted or short segments in the Group II channels. Filament eruptions occurred in 6 out of the 12 (50%) Group I filament channels. Filament eruptions are also identified by STEREO for 62% of the Group II channels. Some filament channels erupt more than once. Taking into account the separation angle between the two STEREO spacecrafts, filament eruptions occur at an average rate of 1.4 filament eruptions per channel per solar rotation.
We thank the referee for helpful comments to improve this paper. Hinode is a Japanese mission developed and launched by ISAS/JAXA, with NAOJ as domestic partner and NASA and STFC (UK) as international partners. It is operated by these agencies in co-operation with ESA and the NSC (Norway). The authors wish to thank the teams of Hinode/XRT, STEREO/SECCHI, Yohkoh/SXT, TRACE, SOLIS, SOHO/LASCO, KSO, MLSO, BBSO for providing the valuable data. US members of the XRT team are supported by NASA contract NNM07AB07C to Smithsonian Astrophysical Observatory (SAO). Y. S. acknowledges Drs. Kathy Reeves and David McKenzie for providing observational information on cavities and filament channels by Hinode/XRT and Yohkoh/SXT. The authors acknowledge the International Space Science Institute (Bern) for supporting the international team on Prominence Cavities. They also would like to thank the team members for lively discussions. 
